Abstract
Introduction
According to Barro (2013) , most businesses and households perform poorly when inflation is high and unpredictable. Empirical findings on the link between inflation and economic growth has been mixed. According to Khan and Eggoh (2014) , the mixed result mostly found is due to lack of consensus in the fact that the inflation-growth relationship depends upon country-specific characteristics. However, the academic literature contains a lot of theoretical work on the costs of inflation, as reviewed by Briault (1995) . This study provides presumption that inflation is a bad idea but this case is not decisive without supporting empirical findings. Shahbaz (2013) used data for the period 1971-2010 in Pakistan, using ARDL bounds testing approach to co-integration method and found there is a co-integration between inflation and economic growth. Malla (1997) also, used a small sample of eleven OECD countries in a pooled time series and cross-section fashion to examine the relationship between inflation and growth and found that negative effects of inflation on economic growth outweigh its positive effects. Bittencourt (2012) examined the inflation-growth nexus from Latin America using panel time evidence and found negative effects of inflation on output. Attari and Javed (2013) and Smyth (1992) also confirmed the negative relationship between inflation and growth. With the inverse relationship between inflation and economic growth, Smyth (1992) estimated that in the USA, a one percentage point increase in inflation reduces the country's annual growth rate by 0.223%. Vinaygathasan (2013) also investigated the possible relationship between inflation and economic growth using dynamic panel threshold analysis for Asian economics and found inflation to only have an inverse effect on economic growth only if it exceeds a threshold of approximately 5.43, but has no effect on growth if it the rate of inflation is below the threshold level.
Recent studies on the relationship between inflation and economic growth reveals a non-linear relationship or non-existent below some critical level and affect the economy when the level is exceeded. Eggoh and Khan (2014) and Seleteng et al. (2013) were among authors to identify the possibility of such a non-linear relationship. They argued that inflation helps economic growth when it is below a threshold value, but has a negative influence if it is above that threshold level. Mireku (2012) using Bank of Ghana data calculated a threshold level of 9% for Ghana. In a similar study in Ghana, Frimpong and Oteng-Abayie (2010) also estimated a threshold level of 11% for Ghana in the year 2010. This disparity in the estimated threshold for Ghana may be due to difference in their methodology and the time frame of their studies. Also, examining the non-linear relationship between inflation and economic growth, Burdekin (2000) showed that the effects of inflation on growth reverses substantially as the inflation rate rises. He concluded that the threshold at which inflation first begins to negatively affect growth is around eight percent for industrial economies and three percent or less for developing countries.
In the case of the Ghanaian economy, Kinful (2005) explained how inflation has been a persistent problem. Thus the average inflation rate jumped from about 5.5 % over the period 1960-1970 to 58 % over the period 1971-1983 . This trend was attributed to economic policies before Structural Adjustment Programme (SAP), which were mainly severe regulation of prices for consumer goods and services that resulted in shortage of goods and decline in many services. The rate of inflation has remained volatile and had been one of the areas where success has not been very significant after the implementation of the Structural Adjustment Programme (Aryeetey, Fosu & Bawumia, 2001 Ghana's economic growth performance as in most developing countries has been inconsistent and failed to achieve its set targets over the years. While GDP was expected to grow by about eight percent to achieve the Millennium Development Goals; actual growth has averaged around five percent since 1990 (World Bank, 2013) . The question that remained unanswered is, is this inconsistency in economic performance due to the rate of inflation? Most empirical results are mixed on the causes of the fluctuation in the performance of the economy Mireku (2012) . Also, since the 1970s to 2012, the average level of inflation in Ghana is above 13 percent. Using the threshold calculated by Mireku (2012) and Frimpong and Oteng-Abayie (2010) , this study aims to find the actual nexus between inflation and growth in the case of Ghana during the period 1986 to 2012 as this period marks the full implementation of economic reforms to date. This paper adopts the cointegration and the error correction model with inclusion of other control variables such as money supply, labour force, gross fixed capital formation, government expenditure and interest rate. The rest of the paper is structured as follows: Section two presents the theoretical model specification. Section three presents empirical model specification and data source. Section four presents and discusses the empirical results. And finally, section five presents the conclusion of the study.
Ghana's economic growth performance as in most developing countries has been inconsistent and failed to achieve its set targets over the years. While GDP was expected to grow by about 8 percent to achieve the Millennium Development Goals; actual growth has averaged around five percent since 1990 (World Bank, 2013) . The question that remained unanswered is, is this inconsistency in economic performance due to the rate of inflation? Most empirical results are mixed on the causes of the fluctuation in the performance of the economy. Also, since the 1970s to 2012, the average level of inflation in Ghana is above 13 percent. Using the threshold calculated by Mireku (2012) and Frimpong and OtengAbayie (2010) , this study aims to find the actual nexus between inflation and growth in the case of Ghana during the period 1986 to 2012. This paper adopts the co-integration and the error correction model with inclusion of other control variables such as money supply, labour force, gross fixed capital formation, government expenditure and interest rate. The rest of the paper is structured as follows: Section two presents the theoretical model specification. Section three presents empirical model specification and data source. Section four presents and discusses the empirical results. And finally, section five supplies some concluding comments.
Methodology Theoretical Model Specification
The usual neo-classical model of Solow (1956) explains economics as resulting from the combination of two elements, namely capital (K) and labour (L) as shown below:
Where Y in this equation is defined as growth. From the above equation, Solow assumes that this production function exhibits constant returns to scale (CRS), which implies that if all inputs are increased by a certain multiple, output will increase by exactly that same multiple. Thus for any positive constant l the following condition must hold:
Assuming that is 1/L then equation 1 becomes:
This shows the output per unit of labour, therefore putting equation (3) 
Where n is defined as growth rate.
The left hand-side of equation (5) states that the change in capital stock per unit of labour, is determined by two terms on the right-hand side of the equation, where the first term
, is the actual investment per unit of labour, and the second term ( ) t n k r + , is called break-even investment, the amount of capital stock must be invested to keep the capital per unit of labour at its existing level. In the steady state, equation (5) can be rewritten as:
When the actual investment per unit of labour exceeds the breakeven investment,
increases until it reach the steady state level, and vice versa. Eventually, k will converge to its steady state level regardless of where it starts (Romer, 1994) . In the long run, when the economy converges to its steady state level of capital stock per unit
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of labour, real output grows at the same rate as population growth rate n . Given the assumption of constant growth rates of savings, population growth rate, and the constant return to scale (CRS), Solow's growth model states that growths in key macro-economic variables are determined by the population growth rate.
However, the question one needs to ask is how much of the output growth can be attributed to other factors other than capital and labour. It is as a result of this that Solow (1956) decomposes the growth in output into three components; via physical capital accumulation, labour force growth, and total factor productivity (TFP) growth -with each identified as contributing to production. The TFP growth is considered as the effect of exogenous technological progress, which can also be reflected in increasing productive efficiency. To account for this, Solow used the Cobb-Douglas production function and started from this simple growth equation which is stated as: Solow it is convenient to use the Cobb-Douglas production function because it exhibits constant returns to scale. The key point to note here is that the variable A is not constant but varies with different production functions as used in literature including Fosu and Magnus, (2006) . Aside the traditional input of production-labour and capital, the model assumes other conventional inputs.
Empirical Model Specification
Following the work of Sakyi (2011), Fosu and Magnus (2006) and Mansouri (2005) the empirical model used for this study is specified as follows: 
Substituting equation (10) into equation (9) 
, and the lagged values of the other explanatory variables. Therefore the short run model to be estimated is specified as equation (15) and j, k, p, q, w, g, n and h assume an infinity value as i=1 ~ ∞ for all values of j, k, p, q, w, g, n and h. 
Data Type and Sources
The study employed secondary data. Quarterly time series data were generated from the annual time series collected from 1986 to 2012, using Gandolfo (1981) algorithm. The series were drawn from World Development Indicators (World Bank, 2013 ) and Bank of Ghana data base.
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Results and Discussion
In order to examine the link between inflation and economic growth, it is imperative to carry out unit root test and Co -integration test. 
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Co -integration Test
Contributing to the significance and rational for cointegration analysis, Johansen (1991) argued that cointegration can be used to establish whether there exists a linear long-term economic relationship among variables of interest. Pesaran and Shin (1995) added that cointegration enable researchers to determine whether there disequilibrium in various markets. In this regard, Johansen (1991) asserts that cointegration allows us to specify a process of dynamic adjustment among the cointegrated variables and in disequilibrated markets. Given that the series are I (1), the cointegration of the series is a necessary condition for the existence of a long run relationship. Under the assumption of linear trend in the data, and an intercept and trend in the co-integration equation the results of the Johansen cointegration test are presented in the table below: It can be observed from Table 3 that the trace statistic indicates the presence of cointegration among the variables. Specifically, the null hypothesis of no co-integrating relationship or vector (r = 0) is rejected since the computed values of the trace statistic of 89.06711 is greater than its critical value of 88.80380 at 5%. That is, applying the Johansen test to the quarterly series spanning from 1986:Q1 to 2012:Q4 enable us to conclude that there exits at most three co-integrating relationships. But for the purpose of this study, the first co-integration relationship will be estimated. This confirms the existence of a stable long-run relationship among price level, real GDP, money supply, interest rate, government expenditure labour force and gross fixed capital formation. Based on the fact that there are co-integrating vectors among the variables, the estimated long-run equilibrium relationship for real GDP was derived from the unnormalised vectors.
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Long-Run and Short-Run Dynamics of Real GDP
The result presented in Table 4 describe the descriptive statistics of the variables use in the study. The result shown in Table 4 indicates that all the variables have positive average values (means). The minimal deviation of the variables from their means with the exception of the interest rate as shown by the standard deviations attests to the fact that taking logs of variables minimizes their variances. The standard deviation of interest rate is relatively big because it was not logged. In addition, the result in Table 4 again reveals that almost all the variables show signs of negative skeweness with the exception of real GDP and interest rate. The Jarque-Bera statistic also shows that the null hypothesis that the series are drawn randomly from normally distributed populations cannot be rejected for most of the variables.
The result from the long run and short run relationship of real GDP is presented in Table 5 and 6 respectively. The result in Table 5 indicates that, holding all other factors constant, as time passes by, real GDP in Ghana will grow by approximately 0.521% each quarter. This means that time has a positive impact on real GDP. This is justified by the fact that as time passes by technology, institutions and human behaviour change and such changes will naturally grow the activities in the real sector.
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The long run and the short run results presented in Table 5 and 6 shows that the Consumer Price Index as a proxy for inflation has a significant impact on economic growth with coefficients of -0.1892 and -0.010 respectively. This shows that increases in economic growth leads to lower inflation. Once the economy grows, it implies an increase in the incomes of workers in general, which gives them additional purchasing power. This additional income leads to excess demand which in the end exerts an upward pressure on price levels in the economy. The finding is in conformity with the work of Mallik and Chowdhury (2001) , who look at the relationship between inflation and GDP growth for four South Asian countries (Bangladesh, India, Pakistan, and Sri Lanka) and found evidence of a long-run negative relationship between GDP growth rate and inflation for all four countries. Stockman (1981) argued that individual's welfare falls whenever there is an increase in inflation. The negative effect of inflation on economic growth is an indication that inflation causes economic growth to decline in the long-run, which is also consistent with the results by Bittencourt (2010) who studied the effects of inflation for four Latin American Countries (Argentina, Bolivia, Brazil and Peru) and found that inflation has a negative and significant effect on economic growth. The inverse relationship between inflation and economic growth is also confirmed by the studies of Ahmed and Mortaza (2005) and Gokal and Hanif (2004) .The results, however, contradict the findings by Erbaykal and Okuyan (2008) and Chimobi (2010) . Erbaykal and Okuyan (2008) showed no statistically significant long-run relationship between inflation and economic growth for Turkey. Chimobi (2010) found no co-integrating relationship between inflation and economic growth for Nigeria, implying no long-run relationship between the two variables. Also, Mallik and Chowdhury (2001) found a positive relationship between inflation and economic growth for four South Asian Countries (Bangladesh, India, Pakistan and Sri Lanka).
Gross capital formation, as a proxy for capital with a coefficient of 0.0907 in the long run and 0.046 in the short run indicate that a one percent increase in capital input would result in approximately 0.091 and 0.046 percent increase in real GDP, holding all other factors constant. The sign of the capital variable support the theoretical conclusion that capital contributes positively to growth of GDP since the coefficient of capital in both the long and the short run growth equation is positive and significant. This positive relationship between capital stock and economic growth is consistent with the expectation of the classical economic theory. This relationship is in conformity with the supply leading view of the relationship between financial development and economic growth in accordance with the prediction by the McKinnon -Shaw hypothesis. It is also in conformity with the finding of Kiran et al. (2009) , and Odhiambo (2008) , but contradicts the findings of Quartey and Prah (2008) for Ghana and Ahmed (2008) for Sierra Leone.
The results in Table 5 and 6 again shows that the coefficient of labour force in both the long and the short run is expected to be positive. This means that an increase in labour force of the country contributes positively to the development of the country. This therefore indicates that labour force is a key channel through which real GDP can increase. This is still consistent with the argument of (Jayaraman & Singh, 2007) who asserted that there can be no growth achievement without the involvement of labour as a factor input hence, the positive and significant coefficient. This result, however, contradicts the work of Asiedu (2010) who found a negative effect of labour force on economic growth. This commensurates with the fact that the public sector remains the single most important source of employment for job seekers in Africa, in general, and Ghana, in particular (World Bank, 2008 . While this situation is not particular to Africa or Ghana, nonetheless, the poor development of the private sectors forces the government to absorb job seekers, sometimes for political reasons, thereby causing a diminishing return to labour.
Both results from the long and the short run on government expenditure which served as an exogenous variable was statistically significant and it exerted a positive impact on economic growth. This means that when government increases its expenditure, especially in the area of infrastructure development, it exerts positive effect on growth. This is because availability of developed infrastructure such as roads, hospitals, and industries help to boost the productivity capacity of countries and in the finally analysis increase the country's economic growth. The finding from this study is also in conformity with the findings by Kouassy (1994) for Ivory Coast and Saidu (2010) for Sierra Leone.
The results in Table 5 and 6, indicate that money supply (LM2) has a positive effect on real GDP. A one percent increase in money supply will increase real GDP by approximately 0.158 percent. This effect is in line with the Monetarist view that money supply multiplier is directly proportional to output in real terms. This finding is consistent with the findings of Bhattarai (2014), Miao and Xie (2013) and Schabert (2009) who also studied the relationship between money and economic growth in various countries.
Besides, the results from both the long and the short run as shown in Table 5 and 6 indicates that interest rate has a negative effect on real GDP with a coefficient of -0.002302. This means that a one percent increase in interest rate will cause real GDP to decrease by approximately 0.0023 percent in the long run. Thus this negative effect of interest rate on real GDP conforms to the Keynesian view that low interest rate serves as an incentive to invest by spending more and saving less whilst high interest rates deters investment. Therefore, when financial institution charge high interest rate on loans to the private sector, it will lead to a higher cost of production for them and this would force them to cut down their levels of productivity, which could have a negative effect on the growth of the economy. This result is in conformity with Huang and Chang (2010) .
The results from the vector error correction model as displayed in Table 6 suggest that the ultimate effect of previous periods' values of real GDP on current values of real GDP in the short-run is positive and significant at lag one (1), two (2) and four (4). The implication is that current values of real GDP are affected by previous quarters' values of real GDP. The coefficient of the lagged error-correction term is negative and statistically significant as expected at 1% significance level, suggesting that it would take a short time for the system to return to its equilibrium once it is out of equilibrium. Thus Bannerjee, Dolado and Mestre (1998) asserted that a highly significant error correction term further confirms the existence of a stable long-run relationship. From the results in the table the estimated coefficient of the error correction term is -0.182461 which implies that the speed of adjustment is approximately 18.25% per quarter or 73% per year. This negative and significant coefficient is an indication that co-integrating relationship exists among real GDP and its explanatory variables. The size of the coefficient of the lagged error correction term (ECT-1) denotes that about 18.25% of the disequilibrium in the output market caused by previous years' shocks converges back to the long-run equilibrium in the current year. Thus, the study shows that the variables in the model show evidence of moderate response to equilibrium when shocked in the short-run. The rule of thumb, however, is that the larger the error correction coefficient (in absolute term), the faster the variables equilibrate in the long-run when shocked (Acheampong, 2007) . However, the magnitude of the coefficient in this study suggests that the speed of adjustment to the long-run changes is relatively high.
Granger Causality Test
To verify the direction of causality among the variables, the pairwise Granger causality test was conducted and the result shown in Table 7 The Granger causality test results in the Table 7 suggest that the null hypothesis that inflation does not Granger cause real GDP is rejected, implying inflation does Granger cause real GDP. Also, the results rejected the null hypothesis that real GDP does not granger cause inflation. This means that real GDP predicts inflation and inflation as well predicts real GDP. From the results it is clear that there is a bi-directional causality running from inflation to real GDP and from real GDP to inflation in Ghana.
Also, from the Table 7 , there is a bi-directional causality running from real GDP to government expenditure and from government expenditure to real GDP since the null hypothesis that real GDP does not Granger cause government and that government expenditure does not Granger cause real GDP are both rejected at 1% significance level.
There is a bi-directional causality running from real GDP to labour force and vice versa since the null hypothesis that, real GDP does not Granger cause labour force and that labour force does not Granger cause real GDP are both rejected at 1% significance level.
Again, the null hypothesis that money supply does not Granger cause real GDP and that real GDP does not Granger cause money supply are both rejected at 1% significance level, implying that there is a bi-directional causality running from money supply to real GDP and vice versa. Also, in the results of Table 7 , there is a uni-directional causality running from interest rate to real GDP since the null hypothesis that, interest rate does not Granger cause real GDP is rejected at 1% significance level. Thus the null hypothesis that, real GDP does not Granger cause interest rate failed to be rejected implying that, real GDP really does not Granger cause interest rate.
Finally, the null hypothesis that capital does not Granger cause real GDP and that real GDP does not Granger cause capital are both rejected at 1% significance level implying that, there is a bi-directional causality running from capital to real GDP and from real GDP to capital.
Conclusion
This paper examine the link between inflation and economic growth in Ghana, using data from World development indicators (2014) and Bank of Ghana. The empirical result from the study reveal a negative relationship between inflation and economic growth. This finding is consistent with other findings in the literature including Bittencourt (2010) , Ahmed and Mortaza (2005) and Gokal and Hanif (2004) . The interest rate was also found to have a negative influence on growth. However, capital formation, government expenditure, labour force and money supply all had positive impact on real GDP with the greatest impact resulting from labour force both in long -run and short -run. The correction term of the real GDP model shows that capital formation, labour force, government expenditure, money supply and interest rate can be used as policy variables to bring back real GDP to equilibrium in the face of short -run deviations
To boost economic growth in Ghana, the study recommends inflation targeting as the best monetary policy measures to boost economic growth. There is the need for government to increase its expenditure in the area of infrastructure development to increase output. Policies should be designed by government to increase investment in human capital by establishing more institutions to produce quality labour force in order to Short-Run and Long-Run Inflation and Economic Growth Nexus in Ghana enhance economic growth. This in the long run will promote the level of economic growth in the country.
